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The instrumentation and cslibrations of the University 
of Iawa h i e n e r g y  proton rtnd electron experiment f o r  the 
Orbiting Geophysical Laboratories (OGQ) B and E are described. 
The experbent u t i l i ze s  cylindrical curved-plate electrostatic 
analyzers t o  provide measurements of the differential  energy 
spectrums of protons and electrons within and i n  the vicinity 
of the earth's magnetosphere. c0ntinuo.m channel multipliers 
(Bendix 'Chmneltrons') are used t o  count individual charged 
particles accwted by the analyzers and provide the instru- 
ment with a dynanic range i n  proton and electron intensit ies 
extending f r o m  10 to  10" (cm -sec-sr)-' in a given energy 
bandpass of the electrostatic analyzer. 
energy bmdtpasses of t i e  electrostatic ana7,yzers are 
sufficiently wide t o  cover the ent i re  energy range extending 
f'rom 90 eV t o  70,OOO eV (protons and electrons separately) 
i n  14 voltage steps on the c d  plates. The four electro- 
s t a t i c  analyzers (two analyzers each fo r  protons and electrons 
covering the above energy range) complete with signal 
conditioner, high-voltage power supplies, and thermal she l l  
require an average pawer of 2 watts and an instrumental, 
weight of 6.3 PO-. 
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The widths of the 
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h v i o w  description6 of the  - Low->ergy_Proton and 

- Electron - Differen t ia  - Energy - M y z e r  (abbreviation: LEPEDE%) 

i n  its earlier stages of development are aa follows: 

SUI weriment  for the Interplanetary Monitoring n 

Platforms (IN? F and G)" by L. A. Frenir, dated 

4 A u g u s t  1964. 
suf Ekperiment for the Eccentric Orbiting Geo- n 

physical Observatory OGO-E (Eirperiment No. 7)" 
by L. A. fie&, dated 8 A u g u s t  1964. 

Further 1;lformation Concerning the SUI Ekperiments tt 

for IMP'S F and G and OGO-E" by L. A. Frank, 
dated 4 September 1964,. 

The present report concerns the instrumentation and calibration 

of the OGO B LEPEDFA experiment. 

Measure the Cifferential energy spectrums of protons and 

electrons over the energy rarige 50 &V to 70,OOO eV within 

and i n  the  vicinity of the earth's magnetosphere. The 

instrumentation employs cylindrical ctu-ved-plate electrostatic 

analyzers t o  identifg the energy and the species* (protans 

~ ~- - ~- * 
All charged particles wi.th a given E/Q where E is the energy 
and Q is the charge of the particle will be equally accepted 
by the analyzer. 
instrument for  magnetospheric measurements the charged particles 
w i l l  be electrons (Q = -1) and protons (Q = +1). 

For practically all applications of t h i s  
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and/or electrons) of a beam of  charged particles and Bendix 

continuous channel multipliers as particle detectors, Ihe 

dynamic range of the instrument extends from 10 4 t o  10” 

particles (an 2 -sec-sr)-’ within a g i w n  energy band-pass 

( A E/E - 0.45) and the minimum time for resolving temporal 

variations i n  the intensity of  charged particles of given 

energy is - 100 milliseconds. The rapid spectrum 6can mode 

(the instrument has two modes of operation) whfch i s  

accomplished by means of sweep voltages on the analyzer 

plates covers the energy range 50 eV t o  7O,OOO eV i n  a 

period - 25 seconds w i t h  a repetition rate of once each 

300 seconds; this operation mode is followed by a stepped 

band-pass mode  of 1 4  voltage steps on the electrostatic 

anaJyzer plates which full3r scms the energy range 90 eV to 

- 

70;m PV: Lr! efi-er tG pyF.+cs P C”ErE!E? =??.?fie diatrikticz 

with the non-spinning spacecraft, two sets of electrostatic 

analyzers, each s e t  camposed of one analyzer each for  electrons 

and for protons with the above energy ranges, axe mounted such 

that the axes of their  fields af View are orthogonal 

(approximately a l o q  the +Y and +Z spacecraft body aces). 

Investigative area8 of k t e r e s t  include surveys of 

protons and electrons i n  the magnetopause-transition region 

on the sunwa,rd side of the -tosphere, a search for ring- 
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cwrent protons, measurements of the electron and proton 

spectrums and morphologies in  the outer radiation zone a8 a 

function of radial distance, an investigation of law-energy 

protons and electrons in the inner radiation zone, and an 

analysis of charged particle intensit ies and spectrums i n  

the neutral  sheet and i n  the 'spikes' of electron and proton 

intensit ies in the local-night hemisphere of the magnetosphere. 

Detailed researches of specific phenomena and correlation with 

the results of other OGO B and E experiments and of ground= 

based observations should provide an almoet inexhaustible source 

of investigative opportunities. 

Although the present discussion concerns the OGO B and E 

LEPE3X.X experiments similar instrumentation With modifications 

according t o  the attitude control, orbit,  and mission of the 

specific s a t e l l i t e  is planned for IMP'S F and G and Injun V. 
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II. DESCRIPTION OF 'ME INSTFNIQ3JTATION 

The basic components of the OGO B LEPEDEA instrumentation, 

neglecting the signal  Conditioner and the timing pulse 

generator, are shown i n  the block diagram of Ngure 1. The 

experiment consists of two sets  of the camponents shown i n  

Mgure 1 with a common low-voltage power supply and signal 

conditioner. 

proton or electron (according t o  t h e  appropriate electro- 

s t a t i c  analyzer channel) incident on the aperture of the 

corres2onding continuous channel multiplier, a Bendix 

The pulse  of electrum ini t ia ted by a primary 

Channeltron", is collected by a small collector plate tt 

which provides the input %o a voltage-sensitive amplifier 

followed by a discriminator; the discriminator output is 

s u i t a l e  for  subcommutation and accumulation in the experiment 

siignal conditioner. 

the  instrument and t o  remain within the  storage capacity of 

the signal conditioner accumulator (32,767 counts with a 

maxhm accumulaticm period of - 1 second at the 1 kb (set).' 
spacecraft telemetry rate) the discriminators have been 

provided with rate-limiting electronics which produce a non- 

In order to  extend the dynamic range of 

l inear response curve beginning a t  - 10,OOO counts (sec)'" 

and al low detector counting rates up t o  150,OOO counts 

(sec)" t o  be processed by the signal conditioner with 
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reasonable counting rate resolution. 

variabil i ty i n  the overa31 remonse of the LEPEDEA due t o  a 

seculax change i n  the gain of the continuous channel multipliers, 

the pulse amplitude threshold of t h e  amplifier has been set 

as l o w  as possible without introducing a significant background 

( < 0.01 count. (sec)") due t o  hi&voltage puwer supply and 

spacecraft noises. 

and since the typical pulse amplitude fromthe continuous 

channel multiplier is - 150 mV a severe gain decrease of the 

multiplier by a factor of 20, f o r  exanple, will decrease the 

0veraJ.l sensit ivity of the LEPEDEA by - 20$. Laboratory 

operation of the LEZXT.lEX at a pressure of loo5 mm Hg fo r  

- 100 hours showed tha t  a d r i f t  In  its efficiency for  counting 

charged particles was indetectable t o  within the measurement 

error of - 34&. 
multipliers in the LEPEDEAwith a Co 

sensitive measure of the ml t ip l i e r  gain drifts since the - 1 MeV y-rays produce secondary electrons along the entire 

length of the multiplier and provides a distribution of output 

pulses extending from 0 t o  - 1% mV which are in turn fed into 

the amplifier with 8 fixed threshold of 3 mV. The drift i n  

the absolute gain of the f o u r  multipliers mounted i n  -the 

OGO B LEPEDEA as deduced with the a0 

In  order t o  suppress a 

This pulse amplitude threshold is  - 3 mV 

Stimulat ion of the continuous channel 
60 source provides a more 

60 y - r a y  measurements 
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< 
was - 
vacuum i n  comparison with pressures a t  satellite altitudes) 

for a duration of - 100 hours. Extensive investigation haa 

been performed and is continuing i n  this laboratory concerning 

the gain degradation o f t h e  continuous channel multiplier a t  a 

variety of pressures and with different amplifier-discrWnator 

circuits both individually (with pulse-height analyzers) and i n  

at  a pressure of 10-5 mn ~g (a relatively poor 

LEPEDEA assemblies. 

LEPEDm assenbly and electronics combination should have an 

operating lifetime of at  least one year with regard t o  secular 

changes of multiplier gain. Periodic calibrations of the 

OGO B LEPEDEA have been performed since its final assembly 

on I l&ch 1365 t o  the period of t h i s  report (July, 1965) 

during various environmental tests at S.U.1. and G.S.F.C. 

E& w i l l  continue until launch. 

of the multipliers w i l l  be determined by monitoring t;he 

galactic cosmic ray response for  the high energy channels at  

appropriate s a t e l l i t e  apogee positions; such positions will be 

selected on the basis of the unshielded 2l.3 G.M. tube 

cEe 
threshold is - 3 mV and corona discharges may produce 

voltage 'spikes' with voltase amplitudes up t o  - 3 kV a t  the 

amplifier input during unrealistic environmental t es t s  

AU results so far indicate t h a t  the present 

After launch the gain drift 

> 40 keV, I$ > 500 keV) responses. Since the smplifier 
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(pressure > IOo4* nm Hg, f o r  example) protection circui ts  

antecede the amplifier input  which are sufficient t o  eliminate 

the possibil i ty of amplifier gain degradation due t o  

repetitive 3 kV pulses. 

The high-voltage pmr supply for the electrostatic 

analyzer provides a known and variable voltage over the range 

5 V t o  6,000 V. 

a known sequence of reference voltages to  a differential  

q l i f i e r  which modulates the q l i t u d e  of the  chapped voltage 

waveform on the primary side of a step-up transformer and 

slaves the high-voltage supply output by util izing the 

reference voltage from a resistive divider amass t h e  end 

of the multiplier string t o  c i rcui t  ground. The electro- 

static malyzer voltage i s  monitored by feeding the voltage 

on the primary side of the transformer t o  a voltage- 

controlled oscil lator which is  periodically sampled by the 

signal conditioner. 

sequence of 15 reference voltages corresponding t o  16 electro- 

s t a t i c  analyzer curved-plate voltagee. 

is stepped t o  a higher voltage once each 19 seconds by means 

of an internally generatedtiming pulse until the highest 

voltage is attained and the reference voltage is returned t o  

0 V and another cycle is  initiated, 

The control deck shown in  Figure 1 provides 

The control deck provides a programmed 

The *ference voltage 

The decay of the plate 



, 

9 

voltage at the begirmirg of each cycle (6,ooO V t o  5 V 

i n  - 25 seconds and hence requires two adjacent 0 V 

reference voltages) provides a relatively rapid scan of the 

proton and electron energy spectrums over the energy range 

70,000 eV t o  50 e V  whereas the 14 stepped voltages fully 

covering VIe energy range 90 e V t o  7O,OOO e V  a l l o w  studies 

of the temporal variations of  electron and proton intensit ies 

in  a given energy range and increase the sensit ivity of the 

instrument by virtue of the ability of the  signaJ conditioner 

t o  obtain up t o  130 samples and the lo%er accumulation time, 

respectively, during a given voltage step. 

Each of the two IiEPEDEA instnunentation groups is 

accompanied by an EXlN No. 213 Geiger-Mueller tube w i t h  the  

axis  of its collimated field of v i e w  parallel t o  the correspond- 

ing axis of each LEPFDEA. Electrons Ee > 40 keV and protons 

B > 500 keV penetrate the 1.2 mg 

tubes. 

10 t o  10 (an -sec-sr)-'. The outputs of the two G.M. tubes, 

the two voltage-controlled oscillators monitoring the electro- 

s t a t i c  curved-plate voltages, and the four continuous channel 

multipliers are s&commutated and equally time-share a 15-bit 

accumulator i n  the experiment signal conditioner. 

wlndaws of these G.M. 

The dynamic range of the G.M. tubes extends From 

2 8 2  

A short s~nnary o f t h e  temporal resolution, dynamic range, 

and energy resolution of the  OGO B LPEDEA is as fo3bw-s: 
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Mode I: Scan of the  proton and electron differential  energy 
spectrums over t h e  energy range 90 eV to 70,OOO e V  in 
two mutua.lly orthogonal directions by stepping the 
analyzer plate voltages. 

Energy range: 

Pmticle type: 

Particle direction: 

Dinensions of f ields 
of view: 

Energy range coverqe: 

90 eV to 70,000 eV 

protons!-and electrons separately 

measurements of both electrons and 
protons in the above energy range fn 
two mutually orthogonal directions 
(for OGO B, along the +Y and +2 . 
body axes) 

6’ x 25’ 

ful l .  coverage of energy range 90 eP 
t o  70,000 eV i n  14 analyzer voltage 
steps (i.e., no gaps between energy 
bandpasse 8 ) 

C’ycle time for complete 
spectral reasurement: 300 seconds 

Dynamic range: 4 2 -1 10 to  10” particles (cm -see-sr) 
(at 1 kb (sec)”) 

5 x 105 t o  lolo (cm2-sec-sr)-l 
(at 61, kb (set)") 

Resolution for temporal 
variations in inten- 
si ty i n  any energy band- 
pass: - 100 milliseconds (at  64 (set)") 

Mode 11: Rapid scan of electron and proton differential  energy 
spectrums complementary t o  W e  1. 

Energy range: 50 eV t o  70,OOO eV 

Particle type: 8- as Mode I 



Particle direction: same as Mode I 

Cycle time for  complete 
spectral measurement% 25 seconds 

Repetition rate of 
Mbde II: once each 300 seconds 

Dynamic range: same as Pbde I 

The details of the electrostatic analyzer geametry are 

shown i n  Figure 2. Three cyl indrical  curved plates Pl, P2, and 

P3 form two 43' electrostatic anayzers for  ana;~ysis of proton 

and electron differential  energy sgectmuns separately. 

outer plates P1 and P3 a r e  t ied t o  circuit  ground and the 

center plate P2 is  supplied with a variable positive potential 

ranging from 5 V t o  6,000 V. Hence the outer w-er c2 

accepts electrons of appropriate energy and the inner analyzer 

The two 

performs analyses of positive ion differential  energy 

spectrums. This  geametry was chosen primarily because of its 

mechanLcal simplicity ( toe.,  only one curved plate with high 

voltage is required for two electrostatic analyzers), large 

energy bancipass width, and large geometric factor. 

of cunrature of plates P1, P2, and P3 are u.6 cm, u.8 cm, 

and 13.9 CM, respectively. In order t o  suppress the uLtra- 

violet (primarily 2101) and electron scatter- along the 

analyzer plates into the continuous channel multipliers 

The radii 
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(A and B are the entrance apertures) the concave surfaces of 

plates P2 and P were machined with sawtooth serrations of 

1 ll~n depth facing the entrance apertures of the electrostatic 

analyzers. 

baffles was also added to  reduce this  scattering and t o  define 

a rec.tangular f ield of view with dimensions 6' and 25' i n  the 

plane of and i n  the plane perpendicular t o  Figure 2, respectively. 

A l l  interior surfaces of  the electrostatic analyzer and of the 

collimator were platinum-blackened t o  further suppress the 

contamination of the analyzer response t o  sol= Lar. 

calibrations of this  i n s t r w n t ' s  response t o  ultraviolet 

l igh t  w i l l  so01 be perf'omd but magnetospheric charged 

particle rmumrements are the primarj mission of th i s  experi- 

ment and do not require the detector to directly View the sun. 

Data acquired while the andyzers view the sun can be ideneified 

from the known attitude of the spacecraft and will be -processed 

separately. 

3 

An elaborate collimator with knife-edged light 

Direct 

A sinplified diagmun of the mounting of the continuous 

channel multipliers is a l s o  shown i n  Figure 2. 

are positioned such t h a t  the normals to the surface of the i r  

entrance apertures form approximately a 30" angle with the 

nornaa3s t o  the exit apertures of the respective electrostatic 

wa3yzers. T N s  feature forces all primary charged particles 

The multipliers 
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incident on the aperture of the multiplier t o  produce secondary 

electrons near the front end (as canspared with normal incidence 

where a primaqj particle could penetrate more deeply into the 

multiplier before striking the capillary w a l l )  thus uti l izing 

the full gain of the detector without a large sacrifice in  

projected area. 

channel multipliers are biased at  150 V (A) and -3,000 V (B) 

for post-acceleration of electrons and protons, respectively. 

E3ectrm pulses a r r i v h g  at the exit apertures C and D of t h e  

multipliers are accelerated into charge-collecting 9 s  Y and X 

by a potentfal difference of +5O V. The cup Y for  the  electron 

channel is at a potentia3 of 3,000 V and is  cowled into an 

amplifier by ineans of a cqac i tor  (50-100 pf ) .  

The entrance apertures of the  continuova 

Three views of the OGO B LEPEDEA instrumentation are 

given by Figures 3, 4, and 5. 

shown i n  Figure 3 (center) with the two control decks f o r  the 

analyzers at  the extreme l e f t  and r ight  of the s t ruc tue .  

Figure 4. displays a control deck on the  extreme left ,  the 

213 G.M. tube housing (tube a t  tap) and four high-voltage 

power supplies: +TOO V f o r t h e  213 G.M. tube, -3,000 V 

and +3,000 V for the continuous channel multipliers, and 

t3e 5 V t o  6,OOG Vpm-er supply for  the analyzer plate. 

A similar set cf electronics for the second analyzer is on the 

The low-voltage power supply is 
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opposite side of the unit. The thermal shel l  and collimators 

of the completely assembled instrument are shown in Hgure 5. 

The dimensions of the right pcarallelepiped portion of the 

structure m e  7.1 in. (height), 7.1 in. (width), and 6.9 in. 

(depth). 

and the weight including thermal cover and collimators is 

6.3 pounds. 

Average power supplied to the instrument is 2 watts 



III. CALIBRA!PIONS WITH W D  PARTICU BEAM 

The absolute efficiencies of the continuous channel 

multipliers for  cou-rting singly ionized lithium ions (Li’) 

and electrons Over the energy range 50 eV t o  25,OOO eV 

were obtained with a laboratory electron-ion gun which pro- 

vided a stable and homogeneous beam of - l0-l’ amp (em 2 ) -1 

over the above e*rgy range. A curve of the s5solute 

efficiency (i.e., counts (numbers of ions incident on the 

aqerture area of 8 x loa3 cm2)’l) of a selected n;ultiplier for  

counting L i  ions as a f’unction of ion energy is given in  

Figure 6. The entrance aperture of the continuous channel 

+ 

multiplier was grounded and the bias voltage at  the exit 

aperture was +q50 V; hence there is no post-acceleration 

of the incident Li ions. Amplifier-discrbbator electronics 

identical t o  those installed i n  the LEPEDEA instrument were 

used. The efficiency of the continuous channel multiplier 

for  counting L i  ions rises f r ~ m  < 4 x 1.0-5 count (ion)” 

at 70 eV t o  a peak efficiency of 0.5 & 20%) couit (ion)” at  

3,000 e V  and then monotonically decreases with increasing ion 

energy t o  0.3 count (ion)” a t  30,000 eV. 

of the multiplier with protons w i l l  soon be undFrtaken but 

the absolute efficiency for counting protons E - 3,000 eV 

+ 

+ - 

Direct calibrations 

> 
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should not largeJy differ  from the Li’ curve of Figure 6 

(compare the  extreme cases of Id.+ and electron efficiencies 

for  energies exceeding 3,000 eV of Figures 6 and 7, 

respectively). Since the post-acceleration potentia3 is 

-3,000 V for the positive ion detector of the LEPEDFA 

(refer to  Figure 2) only that portion of the  efficiency 

curve of Figure 6 for ion energies > 3,000 e V  is  

pertinent t o  t h i s  instrument. 

the multiplier (again no post-acceleration voltage and with 

the LEPDEA amplifier-discrhinator electronics) for counting 

electrons as a function of energy is  shown i n  Figure 7. 

A t  30 eV the efficiency is  4 x loo4 counts 

rises t o  a peak w u e  of 0.5 (+ - 
a t  400 eV and then monotonically decreases t o  0.07 counts 

(electron)-’ a t  25,000 eve Reference t o  Figure 2 shows that  

the post-acceleration voltage f o r  the electron detectors of 

the LEPEDEA iratrument is t 150 V; hence all electrons 

arriving a t  the detector will have energies > 150 eV Ctnd will 

be efficiently counted (refer t o  Figure 7) 

- 
The absolute efficiency of 

counts (electron)-’ 

- 

Calibrations of several proton and electron channels of 

the OGO B LEPEDEA are shown i n  Figures 8, 9, 10, and U. 

the OGO B untt has 14 channels (voltage steps) X 2 species 

Since 



(electrons and protons) x 2 8,na,lyzer sets (two directions) 

= 56 individual channels, only several representative band- 

passes are discussed here. Figure 8 displrrys the counting 

rate  of a LEPE3lEA proton channel (curved-plate voltage, 

106 V) as a f'unction of. incident ion energy and with the angle 

between the normal t o  the  entrance aperture of the electro- 

s ta t ic  analyzer and the direction of the ion beam, 0, as a 

parameter. The angle 8 l i e s  i n  the plane of Figure 2. For 

each a r i i e  of incidence Q = 2O, 5", and 9' and fixed curved- 

plate voltage V 

constant beam intensity. 

the energy bandpasses of Figure 8 are w e l l  defined with a 

notable cibsence of scattering 'ghosts' or ' ta i ls '  a t  the 

high energy cutoffs. Two characteristics of the bandpasses are 

immediately noticed, the ion energy corresponding t o  the center 

of the bandpass, Ec, and the width &/Ec of the bandpass- 

increases with increasing & ! e  of incidence 0. Hence the 

width AWE of the bandpass is determined t o  a lazge extent 

by the coUimator angles shown in Figure 2. This dispersion 

of the bandpass energies Over a small angle of - 6 O  w i l l  be 

unimportant for most raagnetospheric applications; highly 

directio- beams can be measured when the instrument is i n  

its scan node of operation (toe., continuously varying 

the particle energy was varied with a P' 
For a given angle of incidence 0 
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curved-plate voltage). The energy bandpami shown i n  Figure 8 

extends from 625 eV t o  950 eV or  a width &/Ec = 0.43. 

A higher energy positive ion channel is  shown i n  Figure 9 

for a curved-plate voltage V = 1710 V. The genera3 
P 

characteristics of the energybandpass as a f’unction of energy 

and ang;le of incidence 9 axe similar t o  those of a lower 

energy channel (refer t o  Figure 8). The energy bandpass 

displayed i n  Figure 9 extends froin U keV to 18 keV with a 

width @/Ec = 0.48. Electron channels also share similar 

bandpass characteristics as shown i n  Figure 10. 

2600 V supplied t o  the ctlrved plate the energy bandpass 

(15 keV t o  26 keV) has a width of b / E c  = 0.54, 

c w e r q e  of the electron energy decarle 1 k s V  t o  10 lreV pro- 

vided by five consecutive channels is displayed i n  Figure ll. 

A beam of electrons of constant intensity 

W i t h  

The 

(5  x 10 5 electrons (cm2-sec)’1), angle of incidence 8 = 5” 

and variable energy was used t o  sczn the five adjacent 

channels. 

the  legend of Figure 11. 

w i t h  background rates sue to  electron scattering smaller than 

the peak channel response by a factor > 500. 

betveer the energy banmasses are f i l l e d  by the dispersion 

Corresponding curved-plate voltages are given i n  

The bandpasses are well-defined 

The gaps - 



of the bandpasses as a function of incidence angle 0 (for 

example, refer to  Figure 10) so that  the energy range 1 keV 

to 10 keV is ful ly covered by the five channels, or  voltage 

steps, 7 through 11. After the experimental determination of 

the characteristics of t h e  LEPEDEA bandpasses as demonstrated 

above the  curved-plate voltages were trimmed so that  the 

14 discrete steps f u l l y  covered the energy range 90 eV to 

7O,OOO eV. 

- 

The approximate energy bandpasses are as fol low: 

t o  
t o  
t o  
t o  
t o  
t o  
t o  
t o  
t o  
t o  
t o  
to 
t o  
t o  

fo r  protons and electrons separately. 

instrument w i t h  a continuously &able voltage on the plates 

complements the above stepping mode. The positions of the 

The scanning mode of the 



energy bandpasses vary for different analyzers by - lo$ 
depending primarily on the performance of the high voltage 

supplies and positioning of the curved plates and ase 

determined by direct calibrations with charged particle 

beams and by measurements of the curved-plate voltages. 

Future improvements of  the instrument will be directed 

toward extending the  energy range, increasing the temporal 

resolution f o r  measwing charged par t ic le  s?ectrums and 

increasing the intensity dynanic range. 
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figure 1. Block diagram of major components of the electrostatic 
&na3yzer and its acconpanying 2l.3 Geiger-Mueller tube. 

Figure 2. Geometry of the mechanical assembly of the curved 
plates, collimator, and l ight  baffles, and continuous 
channel multipliers. 

Figure 3. Photograph of the OGO B LEPEDEA instrument with the 
law-voltage power supply shown i n  center. 

Figure 4. Photograph of tlie OGO B LTPEDEA instrument with one 
of the two high voltage sections (+700 V, +3,000 V, 
-3,000 V and 5 t o  6,000 V) on the right, tubular 
213 G.M. tube housing (upper l e f t )  and control deck 

on the l e f t ,  

Mgure 5. Another photograph shmring assembled thermal cover 
and collimators. 
colLimator axe the electron and proton channels, 
respectively, of one of the  ttK, analyzers. 

The upper and lower slits inside the 

Figure 6. Absolute efficiency of a continuous channel multiplier 
+ for  counting L i  

post-acceleration at tlie multiplier. 
potential of -3,000 V i s  used i n  the LEPEDE% 

ions as a function of ion energywithout 
A post-acceleration 

Figure 7. Absclute efficiency of a continuous channel nul t ipl ier  
fo r  counting electrons as a function of electron energy 
without post-acceleration . 
of +l5O V is used i n  the f l igh t  instrumentation. 

A post acceleration potential 
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Figure 8, The response of one of the positive ion channels t o  
a Id+ beem of intensity 5 x 10 4 (cm2-sec)-l as a function 

of ion energy and angle of incidence 0. 

Figure 9. A continuation of Figure 8 for a higher eneqgy 
positive ion channel. 

Figure 10. The response of one of the electron channels t o  an 
electron beam of intensity 3 x 10 5 (cm2-sec)” as a 

function of electron energy and angle of incidence 8.  

Figure ll.. A composite of the responses of five electron 
channels t o  an electron beam of intensity 
5 x lo5 (cm*-sec)” over the enera? range 1 t o  10 keV 

and directed at  a fixed incidence angle 8 = 5’. The 
dispersion of the energy bendpasses as a function of 0 

will allow these five channels t o  ful ly cover the 
energy range 1 t o  10 keV. 
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